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1

METHOD AND DEVICE FOR TESTING
SEMICONDUCTOR MEMORY DEVICES

BACKGROUND

1. Field of the Invention

The 1invention relates to semiconductor measurements and
more particularly to a method and a device for the measure-
ment of a semiconductor memory device having a bidirec-
tional data strobe terminal for a data strobe signal and having,
at least one data terminal for a data signal at a test apparatus.

2. Background of the Invention

Semiconductor memory devices are tested at test appara-
tuses which generally have a plurality of 1dentical test heads
which each have a plurality of test locations for semicon-
ductor memory devices that are to be tested (also referred to
herein as “devices under test”). Each test location has, inter
alia, outputs (heremaiter “drivers™), and also bidirectional
inputs and outputs (heremafter “I/O ports™”) for outputting
and for receiving data signals.

The number of I/O ports per test location 1s limited and,
1n test apparatuses for conventional semiconductor memory
devices, 1s based on the number of data terminals of the
semiconductor memory devices. Therelore, 1t 1s generally a
multiple of eight or twelve. Given maximum occupancy of
a test head, all of the I/O ports of a test head are regularly
used.

In the course of the test, the data signals output by the test
apparatus via I/O ports transier data to the device under test,
while the data signals output via data terminals of the device
under test transfer data to the test apparatus. In this case, the
transier and the evaluation of the data signals received by the
test apparatus are always produced in a manner synchro-
nized with an internal clock of the test apparatus.

Semiconductor memory devices of a newer type may also
have newer architecture that comprises, 1n addition to the
bidirectional data terminals, at least one further bidirectional
terminal for a data strobe signal (data strobe terminal)
operated 1n parallel with the data signals. The data strobe
signal 1s output (hereinafter also: “driven”) by the semicon-
ductor memory device during the read-out of data from the
semiconductor memory device and by a memory control
device (heremafter “memory controller”) during the writing
of data to the semiconductor memory device. Such a signal
may serve for controlling or synchronizing write and read
operations (also termed “data transfer” hereinafter).

During the testing of such semiconductor memory devices
of a newer type which have a bidirectional data strobe
terminal serving for synchromzing or controlling the data
transifer, using a conventional test apparatus, that 1s, one
designed for testing conventional semiconductor memory
devices, problems arise with regard to the number of avail-
able 1/O ports per test location and the testing of time
conditions (heremnafter “timing”) of the data strobe signal.

During the read-out of data from the device under test, the
test apparatus 1nstigates the read operation and evaluates the
data signals present at the I/O ports 1n a manner synchro-
nized to the read operation using an internal clock of the test
apparatus itsell. However, 1f the device under test has a data
strobe signal of the above-mentioned type, the evaluation of
the data signals, in the case of complete testing or testing,
close to the application, has to be performed 1n a manner
synchronized with the data strobe signal, which, in general,
does not depend on the clock signal of the test apparatus.
However, test apparatuses designed for conventional semi-
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2

conductor memory devices are not designed to measure
devices where the clock signal 1s synchronized to the device
strobe signal.

The second problem relates to the resources of the test
apparatus. The maximum number of possible test locations
(and thus also devices under test) per test head generally
results directly from the total number of I/O ports on a test
head and the number of bidirectional terminals on a device
under test. In the case of semiconductor memory devices of
a conventional type, only data terminals are regularly bidi-
rectional, and are generally provided in a multiple of eight
or twelve 1n accordance with the customary data bus width.
Accordingly, the total number of I/O ports 1s also a multiple
of eight or twelve. Furthermore, the 1/0 ports are organized
clectrically, mechanically and 1n terms of programming, into
units compatible with the data bus width and are limited in
terms of their assignability to the test locations.

An additional bidirectional terminal on the semiconductor
memory device reduces the number of devices under test
which can be tested in a given test pass at the test apparatus,
since the additionally required 1/O port for the data strobe
signal can only be made available by a second test location.
Since the second test location 1s then not only blocked for
accommodating a further device under test but, moreover,
due to the organization of the test apparatus, 1s also unsuit-
able for making available I/O ports for other devices under
test on the common test head, the number of devices under
test per test pass 1s ultimately reduced by hall.

In will therefore be appreciated that a need exists to
improve test methods for newer types semiconductor
memory devices.

SUMMARY

Embodiments of the present invention provide a test
method 1n which the timing of an additional data strobe
signal 1s tested 1n conjunction with data signals. An exem-
plary embodiment of the present invention provides a test
method for a first semiconductor memory device having a
bidirectional data strobe terminal used for a data strobe
(DQS) signal and at least one bidirectional data terminal
used for data signals (D(Q). The memory device 1s connected
to at a test apparatus (PA), which generates data strobe and
data signals, and transiers and evaluates data signals. In the
course of the test using the data strobe and data signals, data
are transierred from the first semiconductor memory device
(P) to a second semiconductor memory device (R) of
identical type used as a reference, and are evaluated after a
read-out from the second semiconductor memory device (R)
by the test apparatus (PA).

Another exemplary embodiment of the present invention
includes a test device for facilitating testing of a first
semiconductor memory device that contains a bidirectional
data strobe terminal at least one bidirectional data terminal.
The test device contains a switching device (SV), which
connects the data strobe and data terminals of the first and
the second semiconductor memory device respectively
either to a test apparatus or via a respective connection to the
corresponding terminal of the respective other semiconduc-
tor memory device.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

FIG. 1 shows a schematic 1llustration of a device accord-
ing to the invention 1n a particularly preferred embodiment.

FIG. 2 shows a schematic timing diagram for signals at a
device under test and a reference during the data transfer.
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DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

The following list of reference symbols 1s used consis-
tently in the discussion to follow.

P Device under test

R Reference

PA Test apparatus

SV Switching device

SPDQS Switching unit with respect to DQS at the device

under test

SRDQS Switching unit with respect to DQS at the refer-

ence

SPDQ Switching units with respect to DQ at the device

under test

SRDQ Switching units with respect to DQ at the reference

RK Quiescent contact

AK Operating contact

SK Switching contact

V Delay line

t,. Period duration of the clock signal CLLK

t,- Delay time of the delay line

At,,, Time offset of DQ at the reference

Aty s Time offset of DQS at the reference

CMD Signals at the control terminals

ADR Signals at the address terminals

Y Column address of the test data

DQ Signal DQ

DQS Signal DQS
READ Y Control signal for read-out (of the device under

test)

WRITE Y Control signal for writing (of the reference)

FIG. 1 shows a test apparatus (PA) 2 and two pairs of
semiconductor memory devices to be tested, each compris-
ing a device under test (P) 4 and a reference (R) 6. In this
case, the restriction to two pairs imparts clarity to the
illustration. Device under test 4 and reference 6 are depicted
as DDR-DRAMs 1n this case. In a preferred embodiment of
the present invention, the control inputs of the DDR-
DRAMs of which CS, RAS, CAS, WE, ADR and CLK are
illustrated here, are connected to the drivers of the PA, and
the seventy two data (DQ) terminals and the data query
strobe (DQS) terminal are connected to a switching device
(SV) 8.

SV 8 comprises switching units, 1n this case relays with
quiescent, operating and switching contacts (RK, AK, SK),
with each DQ terminal and the DQS terminal, 1n each case
of device under test 4 and of reference 6, connected to the
switching contacts SK of the switching units SPDQ, SRDQ),
SPDQS and SRDQS, respectively. The quiescent contacts
RK of the switching units SPDQ and SRDQ are connected
to I/O ports of the test apparatus PA and the quiescent
contacts of the switching units SPDQS and SRDQS are
connected to a respective driver of the test apparatus PA. The
contacts of the relays are depicted in the operating state. The
illustration of the relay drniving was dispensed with for
reasons of clarity.

The operating contacts of the switching units SPDQ are
connected to those of the switching units SRDQ), and the
operating contact of the switching unit SPDQS 1s connected
to that of the switching unit SRDQS via a delay line having
the delay time V4t ;.

During a test, the devices under test 4 and the references
6 are firstly tested in terms of their functionality, as far as
possible 1in the same way as conventional DRAMs with the
switching units SPDQS, SRDQS, SPD(Q and SRDQ in the
quiescent position. This may perfectly well also comprise
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4

writing to and reading from the DDR-DRAMs. Only the
evaluation of DQS during the read-out of the data from the
DDR-DRAMs 1s mitially not possible.

To that end, a test pattern 1s written to the devices under
test 4 and a reference pattern, which can be distinguished
therefrom, 1s written to the references 6. Afterward, all the
switching units 1n the switching device SV are changed over.
As aresult, DQS and DQ are 1solated from the test apparatus
and instead respectively corresponding D(Q terminals and
the DQS terminals in each case of a device under test 4 and
ol a reference 6 are connected to one another, DQS being
delayed between device under test and reference by Vit .
Subsequently, a read cycle 1s 1nitiated on the devices under
test and, at a suitable time interval with respect thereto, a
write cycle 1s mitiated on the references 6, whereupon the
test pattern 1s subsequently transierred from the devices
under test 4 to the references 6. Subsequently, the connec-
tions between the devices under test and the references are
disconnected again and instead the DQS and DQ terminals
thereol are connected to the test apparatus.

Finally, the test apparatus reads out the data from the
references. Since the latter expect a valid DQS for reading-in
data, the test pattern and not the reference pattern 1s to be
read out from them only when the associated device under
test 4 has output a valid signal at DQS during the data
transier.

FIG. 2 shows the sequence of a data transfer from a device
under test 4 to a reference 6 through 1llustration of the time
profiles of the common clock signals (CLK, INVCLK), the
control, address and DQ signals (CMS, ADR, DQ) and the
DQOS signal (DQS), 1n accordance with an embodiment of
the present imnvention. In each case the device under test 4 1s
at the top and reference 6 at the bottom. A control command
READ Y on CMD instigates the read-out of the data from an
address Y on ADR from the device under test, and a control
command WRITE Y following the next rising edge at CLK
istigates a write operation in the reference. The time oflset
Aty between the DQS at the device under test and the DQS
at the reterence is about Yat.,. A small time offset Aty
between the DQ at the device under test and the DQ at the
reference results from a mimmum length of the connection
between the DQ terminals of the device under test and of the
reference.

The evaluation of the data strobe signal of the first
semiconductor memory device (the device under test) 1s thus
left to the second semiconductor memory device (the refer-
ence). This 1s possible since each semiconductor memory
device has the internal elements necessary to evaluate the
data and data strobe signals and also their correct temporal
sequence with respect to one another.

Since the data strobe signal 1s only driven, but not
cvaluated, by the test apparatus, the data strobe line no
longer has to be connected to an 1/O port, but rather can be
connected to a simple driver of the test apparatus. Thus, 1t 1s
possible to test as many semiconductor memory devices of
a new type that contain data strobe lines, as those of a
conventional type for a given test pass or test head size.

Thus, the present invention provides improved methods to
test semiconductor devices of a new type, including those
with data strobe terminals. The semiconductor memory
device of a new type that 1s to be tested (the device under
test) 1s connected to the test apparatus for testing semicon-
ductor memory devices of the conventional type at a test
location like such an otherwise identical semiconductor
memory device of a conventional type, the bidirectional data
strobe terminal of the device under test being connected to
a driver of the same test location directly or via a switching
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device controlled by the test apparatus. The device under test
1s then subjected to a test sequence corresponding to that for
semiconductor memory devices of a conventional type,
during which the test apparatus generates the data strobe
signal via the driver during the writing of data 1n a suitable
mannet.

After the first part of the test sequence, the device under
test 1s completely tested apart from the evaluation of the data
strobe signal during the read-out of data from the device
under test.

In order to test the data strobe signal during the read-out
of data from the device under test with regard to valid signal
levels and temporal position with respect to the data signals,
the procedure 1s as follows:

Test data are written to the device under test to at least one
test data address, and reference data which can be distin-
guished from the test data are written to the reference at the
test data address. The data and data strobe terminals of the
device under test and of the reference are then disconnected
from the test apparatus and connected to one another instead
by means of a switching device controlled by the test
apparatus. Subsequently, the test apparatus initiates firstly a
read operation at the device under test and, at a suitable time
interval—prescribed by the timing specifications of the
semiconductor memory device—iollowing the read opera-
tion, a write operation at the reference, that 1s to say, a data
transier of the test data from the device under test to the
reference at the test data address of the test and reference
data. After the data transfer, the data terminals of the
reference are disconnected from the device under test and
are connected to the test apparatus. The test apparatus then
reads out the data at the test data address.

The test data can be read out from the reference only when
a correct data strobe signal has been driven by the device
under test during the data transfer from the device under test
to the reference. Otherwise, the unchanged reference data
are read out from the reference.

The data strobe and data lines are changed over by means
of switching devices (e.g., relays, FETs) controlled by the
test apparatus.

A previously tested semiconductor memory device of the
same type that 1s contained in the abovementioned switching
device may respectively be used as a reference for each
device under test. In this case, the reference 1s a constituent
part of the switching device and remains so while new
devices under test are always mounted at the test location for
test purposes. Surplus drivers of the test location are used for
driving the reference, while the 1/O ports of the test location
are alternately connected to the device under test or to the
reference.

Preferably, however, a second device under test on the
same test apparatus, particularly preferably on the same test
head, 1s used as the reference. In the case where the test head
1s occupied by an even number of devices under test, the
devices under test are divided 1nto two groups, PG and RG.
Firstly, the devices under test 1n the group PG are tested with
the devices under test in the group RG used as reference.
Thereatter, the devices under test 1n the group RG are tested
with those 1n the group PG used as reference.

The test method according to embodiments of the present
invention can particularly preferably be applied to semicon-
ductor memory devices with a double data rate interface
(DDR-IF) in accordance with a JEDEC standard. The DDR
interface 1s customarily employed nowadays, particularly on
DRAMSs.

In contrast to conventional synchronous semiconductor
memory devices, 1n which write and read accesses take place
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in each case at the rising or falling edge of a clock signal, 1n
semiconductor memory devices with DDR-IF a data transfer
1s possible both upon the rising and upon the falling edge of
the clock signal, thus resulting 1n an approximate doubling
of the possible data transier rate for a given clock frequency.
However, rather than the clock signal (CLK), a “data query
strobe” (DQS) signal derived therefrom 1s used for the
synchronization of the actual data transier between semi-
conductor devices with DDR-IF. DQS corresponds to a data
strobe signal which i1s generated by the semiconductor
memory device during the reading of data from a semicon-
ductor memory device like the data signals, and by a
memory controller during the writing of data to the semi-
conductor memory device like the data signals.

During the writing of data to the semiconductor memory
device with DDR-IF, DQS 1s controlled in such a way that
cach edge of DQS indicates the center of a transierred data
bit at DQ. The semiconductor memory device with DDR-IF
accepts the data on DQ 1n each case at the instant of an edge
at DQS.

During reading from the DDR-IF semiconductor memory
device, DQS 1s generated edge-synchronously with the data
DQ. The memory controller expects the data on the data
lines after each edge at DQS.

Thus, 1t 1s necessary to unambiguously define the propa-
gation times of DQ and DQS during the data transfer
between device under test and reference by means of delay
devices, 1n order to actually enable a correct data transfer in
the first place or to test the timing between DQ and DQS
with regard to a suflicient margin.

Monostable multivibrators, bucket-brigade devices or
delay lines are taken into consideration as delay devices.

The connecting line between the DQS terminal of the
device under test and that of the reference may contain
further devices which serve to test the DQS signal under

intensified conditions, for instance through a lowering of the
signal level of DQS.

Equally, it 1s possible to equip the semiconductor memory
devices with suitable circuits and functions for the applica-
tion of the test method according to the present invention.

In a test mode of the semiconductor memory device, 1t 1s
possible for instance to reduce the time window for write
access 1n the reference and thus to improve the test severity
for the timing of the data strobe and data signals output by
the device under test.

In the same test mode, delay devices fabricated in the
semiconductor memory devices themselves may further-
more be connected 1nto the relevant signal lines.

The delay devices can be made using delay lines, without
thereby restricting the test method according to the present
invention or the arrangement according to the present inven-
tion to this particular embodiment.

In a particularly preferred embodiment of the present
invention, DQS 1s only tested close to the application,
without further margins. For this purpose, DQS 1s delayed
using delay device (V) 10 between the device under test and
the reference by V4 of the period duration of CLK or DQS
(t~:/4) with respect to the DQS at the output of the device
under test. In this embodiment of the mvention, DQS at the
reference 1s no longer edge-synchronous with CLK. The
length of a simple delay line 1s about 0.5 m 1n this case.

In another embodiment, DQS i1s delayed by a whole
period duration of CLK (t~;.). DQS thus remains edge-

synchronous with CLK. Since DQS has to lead the data by
Vat -, all DQ are delayed by 4t,,.. A disadvantage com-
pared with the previous embodiment is that all DQ have to
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be provided with delay lines, and also the requisite lengths
of about 1.5 m for DQ and above 2 m for DQS.

In another embodiment, instead of CLK, the inverted
clock signal INVCLK 1s connected to the reference,
whereby DQS at the reference has to be delayed only by
1At~ and DQ correspondingly has to be delayed only by
Vat,,,. Compared with the previous embodiment, although
the delay line length 1s reduced, the outlay rises due to the
clock signal control on the test head being no-longer uni-
form.

A device of the type according to the invention 1s prei-
erably suitable for all test apparatuses, designed for testing
semiconductor memory devices without a data strobe ter-
minal.

The foregoing disclosure of the preterred embodiments of
the present invention has been presented for purposes of
illustration and description. It 1s not intended to be exhaus-
tive or to limit the invention to the precise forms disclosed.
Many variations and modifications of the embodiments
described herein will be apparent to one of ordinary skill 1n
the art in light of the above disclosure. The scope of the
invention 1s to be defined only by the claims appended
hereto, and by their equivalents.

Further, in describing representative embodiments of the
present mvention, the specification may have presented the
method and/or process of the present invention as a particu-
lar sequence of steps. However, to the extent that the method
or process does not rely on the particular order of steps set
forth herein, the method or process should not be limited to
the particular sequence of steps described. As one of ordi-
nary skill in the art would appreciate, other sequences of
steps may be possible. Therefore, the particular order of the
steps set forth 1n the specification should not be construed as
limitations on the claims. In addition, the claims directed to
the method and/or process of the present invention should
not be limited to the performance of their steps 1n the order
written, and one skilled 1n the art can readily appreciate that
the sequences may be varied and still remain within the spirit
and scope of the present invention.

What 1s claimed 1s:

1. A test method for a first semiconductor memory device
having a bidirectional data strobe terminal for a data strobe
signal (DQS) and at least one bidirectional data terminal for
data signals (DQ), the method comprising:

providing a test apparatus (PA) capable of generating data

strobe and data signals and transferring and evaluating
data signals 1n the course of a test using the data strobe
and data signals;

transferring data from the first semiconductor memory

device to a second semiconductor memory device of
identical type used as a reference; and

evaluating the data after a read-out from the second

semiconductor memory device by the test apparatus
(PA).

2. The method of claim 1, further comprising:

transferring data from the second semiconductor memory

device to the first semiconductor memory device; and
cvaluating the data after a read-out from the first semi-
conductor memory device by the test apparatus.

3. The method of claim 1, wherein the data signals are DQ
signals, and wherein the data strobe signal 1s a DQS signal
of a DDR mterface 1n accordance with a JEDEC standard.

4. The method of claim 1, wherein the second semicon-
ductor memory device 1s operated 1n a test mode during the
data transier from the first to the second semiconductor
memory device, and wherein a permitted time window for
write accesses 1s reduced during test mode.
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5. The method of claim 1, wherein one of the first and
second semiconductor memory devices 1s operated 1n a test
mode during the data transfer from the first to the second
semiconductor memory device and the data strobe signal 1s
delayed in the test mode.

6. The method of claim 1, wherein a delay device, which
delays the data strobe signal by Y4 of the duration of a period
of the data strobe signal, 1s provided 1n a connection between
the data strobe terminals of the first and second semicon-
ductor memory devices.

7. The method of claim 1, wherein a first delay device 1s
provided in the connection between the data strobe terminals
of the first and second semiconductor memory devices,
wherein the delay device delays the data strobe signal by the
duration of a whole period of the data strobe signal, and
wherein second delay devices, which delay the correspond-
ing data signal by 34 of the period duration of the data strobe
signal, are respectively provided in the connections between
corresponding data terminals of the first and second semi-
conductor memory devices.

8. The method of claim 1, wheremn a delay device 1s
provided in the connection between the data strobe terminals
of the first and second semiconductor memory devices and
said delay device delays the data strobe signal by half the
duration of a period of the data strobe signal,

wherein connections between corresponding data termi-
nals of the first and second semiconductor memory
devices respectively have delay devices that delay the
corresponding data signal by /4 of the period duration
of the data strobe signal, and

wherein two semiconductor memory devices are con-
nected to mutually mverted clock signals.

9. The method of claim 1, wherein the first and second

semiconductor memory device are DDR-DRAMSs or devices
that contain DDR-DRAMs.

10. The method of claim 9, wherein a DDR interface 1n
accordance with a JEDEC standard 1s situated on the first
and second semiconductor memory device.

11. A device for facilitating measurement of a {irst semi-
conductor memory device, which has a bidirectional data
strobe terminal and at least one bidirectional data terminal,
at a test apparatus that generates data strobe and data signals
and transfers and evaluates data signals, the device com-
prising:

a switching device that connects the data strobe and data
terminals of the first semiconductor memory device and
a second semiconductor memory device respectively
either to the test apparatus or via a respective connec-
tion to the corresponding terminal of the respective
other semiconductor memory device.

12. The device of claim 11, further comprising:

a delay device residing in the connection between the data
strobe terminals of the first and second semiconductor
memory devices, wherein the delay device delays the
data strobe signal by %4 of the duration of a period of
the data strobe signal.

13. The device of 11, turther comprising:

a delay device residing 1n the connection between the data
strobe terminals of the first and second semiconductor
memory devices, wherein the delay device delays the
data strobe signal by the duration of a whole period of

the data strobe signal; and

delay devices residing in the connections between corre-
sponding data terminals of the first and second semi-
conductor memory devices, wherein the delay devices
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delay the corresponding data signal by 34 of the period
duration of the data strobe signal.

14. The device of claim 11, further comprising:

a delay device residing 1n the connection between the data
strobe terminals of the first and second semiconductor
memory devices, wherein the delay device delays the
data strobe signal by half the duration of a period of the
data strobe signal; and

delay devices residing 1n the connections between corre-
sponding data terminals of the first and second semi-
conductor memory devices, wherein the delay devices

5

10

10

delay the corresponding data signal by 4 of the period
duration of the data strobe signal.

15. The device of claim 11, wherein the first and second
semiconductor memory devices are DDR-DRAMs semicon-
ductor memory devices or include semiconductor memory
devices.

16. The device of claim 11, wherein the test apparatus 1s
designed for conventional semiconductor memory devices
absent a data strobe terminal.
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